Abstract
has great impact on the water vapor budget of area around. The water vapor transportation 23 based on the plateau-monsoon interaction affects the drought and flood of Asia and even the 24 whole north hemisphere. During the middle of the monsoon season, from the end of June to 25 early September, very intense cloud activity continually exists over the Tibetan Plateau. Even 26 though the altitude is very high, a relatively wet condition is maintained over the Tibetan
27
Plateau and the hydrological cycle is active during the monsoon season (Kuwagata et al., 28 2001). Consequently, to study the development of water vapor in Tibetan Plateau it isbecomes the focus of a significant scientific problem concernto study the development of water vapor 1 in Tibetan Plateau.
2
During the routine observation from 10 July to 16 August, tThe water vapor mixing ratio is 3 monitored twice one day (00:00 and 12:00 UTC) by the applying of operational radiosondes. Trickl, 2008; Klanner et al., 2010) . This lidar system,, located at 2675 m MSL, provides water vapor profiles in the entire free troposphere above 3 km with high vertical resolution 1 and an accuracy of about 5 % up to 8 km without observable bias.
In this paper, the observation of lidars during the third Tibetan Plateau atmospheric 3 expedition experiment campaign is described. The methodology of the water vapor mixing 4 ratio, wind field and vertical water vapor flux isare introduced in section 2 and the results and 5 case studies are provided in section 3. 
Lidar technology and Methodologymethodology

12
During t The 2014 Tibetan Plateau atmospheric expedition experiment campaign was and .the horizontal and vertical wind fieldprofiles iswere detected by the CDL. Moreover, the 16 temperature, pressure and relative humidity are detected by applying the radiosonde twice one 17 day (00:00 and 12:00 UTC). Combining the data products of the three systems, the water 18 vapor flux can be monitored. In the WACAL system, since the laser chiller inside the cabin 19 generate a lot of heat, which is harmful for the stable operation of the laser, it is essential to 20 cool the air in this cabin. The ventilation facility with high ventilation rate fan iswas taken 21 into consideration, which plays a very practical role in the high elevation and low air pressure 22 field experiment, e.g. at the Tibetan Plateau field campaign. MoreoverIn addition, to ensure 23 the normal operation and to avoid the electric arc breaking through the air under the condition 24 of low pressure, reduce the heat of the laser, the rated voltage of the pump lamps in the laser 25 oscillator and amplifiers and oscillator stage is decreasedwere reduced, and therefore the heat 26 load also decreased.
The principle and basic layout of WACAL is described in this section for the integrality and 1 the detailed design is described in a separated paper (Wu et al., 2015) . Figure. 1 transmit into the atmosphere on an axis closed to the receiver axis.
17
After a laser pulse is transmitted to the atmosphere, molecules and particles scatter the light 18 in all directions. A portion of the light is scattered backwards to the lidar. The light that is 19 collected by telescopes and then transmitted to the detection system. In order to increase the 20 amount of collected light, this system deployeduses four Newtonian telescopes with the 21 diameter of 300 mm and the focal length of 1524 mm, forming a telescope array with an 22 equivalent receiver aperture of about 610 mm. The primary mirror of Newtonian telescope is 23 a parabolic mirror while the secondary mirror is a plane mirror. The 4 telescopes assembly 24 served as a telescope array with an equivalent receiver aperture of about 610 mm. The design 25 of the array has better practicability for detecting the signal from near field and far field.
26
Moreover, it takes the collection efficiency of the strong elastic backscatter light and the weak
27
Raman backscatter light into consideration. This design also makes the system easy to 28 transport and suitable for field experiments. However, it makes the system more complicated to align the telescope and to determine the overlap function. 
5
The laser at wavelengths of 354.7nm, 532nm and 1064nm are transmitted to the atmosphere 6 after the beam expanders. The diameter of laser at wavelength of 354.7nm is expended from 7 9mm to 9cm and the divergence angle of the beam is reduced to 0.05mrad. After scattered by 8 the molecular and particles, the backscatter signal is collected by a four-telescope assembly.
9
Here the rotational-vibrational Raman spectrum of nitrogen and water vapor are explained.
10
According to the selection rule for vibrational transitions (Inaba and Kobayasi, 1972; Inaba, 11 1976; Demtröder, 2005 and Demtröder, 2013) , the change of the vibrational quantum number transmitted to the polarization channel and the infrared channel respectively. With the help of 17 the polarization channel, the measurements of to retrieve the depolarization ratio, extinction 18 coefficient and clouds cloud heightare solved, which are not described in details in this paper.
19
The Raman channel is shown in Fig. 1(c) . In this figure, the transmitter, receiver and When the signal is transmitted to spectrophotometerthe spectrometer, the light is dispersed 
18
The LidarRaman lidar equation can be described as Eq. (1) 
Where 0 A is the aperture of the telescope, ()
Oz is
21
the overlap of the system at height of (36.165°N,120.4956°E ). As Fig. 2(a) shows, the distance between these two sites is 16.7 km.
20
In the D is determined as 0.34. As Fig. 2 shows, the correlation coefficient of these two system 11 data can reach up to 0.83. The standard deviation is 1.4 and the number of samples is 169.
12
After the calibration the water vapor mixing ratio can be rewritten as Eq. (8) PMTs, which is also known as the dead-time. After the correction, the actual signal of 3 nitrogen and water vapor Raman signal will be draw in Fig. 3 . 
21
The Tibetan Plateau not only feed the most of Asia's major rivers, it also holds scattered 22 numerous lakes. Note that Nagqu is located in the inland north central part of the Tibetan
23
Plateau that is a sub-frigid, semi-arid, monsoon climate zone, with the largest lake, Nam Co
24
Lake, in Tibet in the southeast.area, The average annual precipitation is 380 -420 mm, 80%
of which is in summer and autumn. ensuring ensure the accuracy of the measurement, the WACAL was utilizedmeasured the 17 water vapor profiles from 21:30 LST, which is 1.5h later than the measurement of radiosonde.
18
The measuring time difference may be the main error source of observation in Nagqu.
19
In Fig. 6 , the water vapor mixing ratio measured by the WACAL and the radiosonde are In the following section, the error of the signal and results are discussed. For the purpose of 8 determining evaluating detection performance of the Lidarlidar system, the SNR is taken into 9 consideration. The SNR, which can be described as Eq. (810) 
15
Here we will present one case study of the SNR and RE  in the following figure. 
16
In Fig. 7 , the SNR and relative error are analyzed. Because of the limitation of the lower 17 water vapor content, the acceptable detection range is 3.5 km. The biggest greatest SNR for 18 nitrogen and water vapor in this observation are 6.8 and 0.22, respectively.
19
According to Fig. 5 and Fig. 6 , it is noted that the water vapor mixing ratio are several times 
Where  is the elevation angle. indicates that the upwellingupdraft of the atmosphere on the Tibetan Plateaudue to the difference in temperature between the heated ground and the cooled air in nighttime. Lidarlidar. By combining the absolute humiditywater vapor mixing ratio (Fig. 810(b) ) and 6 vertical wind velocity data, the Then we can calculate the vertical water vapor flux from the 7 water vapor mixing ratio (Fig. 10(b) ) and the vertical wind velocity can be calculated and the 8 temporal development is shown in (Fig. 911) . The temporal resolution ( t  ) and the spatial and two dry or low water vapor content casestime periods wereare found. 
